In order to develop a low pressure desalination membrane with fixed ionic charges, we made use of the normally unwanted crosslinking tendency in preparing the polyelectrolyte poly(styrenesulfonate) by sulfonation of polystyrene. After dipcoating a poly(sulfone) or poly(phenylene oxide) L'F membrane with a dilute soluton of this polyelectrolyte in water in the presence of some free sulfuric acid and silver&fate, fixation and cross-linking of the coating polymer took place by a heat treatment.
INTRODUCTION
Although charged membranes from different materials have been developed in the past for RO and UF applications, the lack of charged membranes having an asymmetric structure, as for instance in composite RO membranes, is an important reason why charged membranes rarely are put into practice Membranes from poly-(2,6 dimethyl-l,4 phenylene oxide), (PPO) were cast from a solution containing 10 wt% PPO in trichloroethylene/l-octanol mixtures (weight ratio 78/22). Films of 0.15 mm thick were coagulated in methanol during half an hour [9] . Polysulfone was P3500 obtained from Union Carbid, PPO was kindly supplied by General Electric.
Poly(styrenesulfonates)
Samples of poly(styrenesulfonate) were obtained from Polyscience Inc. and from Serva; molecular weight of these samples were 6,000,OOO and 100,000 respectively. 
Samples

Preparation
of the charged membranes The support membranes were dipcoated with PSA by immersion in a l-4 wt% solution of PSA in water with l-2 w-t% sulfuric acid and 0.005 wt% silversulfate. Excess coating solution was drained and the back of the membrane was rinsed with fresh water. Fixation took place by heat treatment at 153OC during half an hour. Crosslinking through the formation of sulfon bridges then occurs. Sulfonated PPO membranes were prepared by first stepwise exchanging water in the membrane with sulfolane, followed by sulfonation with a sulfurtrioxide solution in sulfolane at 50°C. Two different UF test cells with a circulation system were used. One system was Amicon TCF-10 Thin Channel Feed system with an effective membrane area of 39.2 cm* and a feed solution volume of 600 ml. Recirculation is made possible through a shallow spiral channel above the membrane_ The second system consisted of a rectangular channel ultrafiltration cell with two pumps, one for circulation and one for pressurizing the feed. A diagram of the system is shown in Fig. 1 .
Reverse osmosis and ultrafiltration experiments
RESULTS AND DISCUSSION
During aromatic sulfonation sulfone formation easily takes place [ 13,141. In sulfonation of polyvinylaromatics this leads to a crosslinking reaction and the formation of water insoluble products [15] . The crosslinking reaction is shown in Fig. 2 . This, often undesirable, crosslinking tendency can be used in a positive way for the purpose of introducing fixed charges in a membrane. If an ultrafiltration membrane is dipped in a coating solution containing polystyrenesulfonate (PSA), sulfuric acid and silversulfate as a catalyst, pulled out of the coating solution and heat treated in an oven at 150°C during stock soh~tion half an hour, PSA wilI be crosslinked and water insoluble. Crosslin~ with the support membrane materials polysulfone and PPO, which contain aromatic rings, will also occur. The result is a membrane with fixed ionic charges.
We established the ionic nature of the membrane by filtrating salt solutions with different concentrations of NaCl and solutions with monodent a~ well as divatent anions, In Fig. 3 it is shown that we find a finear relationship if WC? plot ln(lOO-R/100 WXSUS hl C&d, which is in agreement with the results of Thomas for charged membranes 116) _ From Table I it is seen that the rejection for a divalent anion is much higher than for monovalent anions, which also is behaviour that is expected for charged membranes 1171 _ The membrane used in the above movements is prepared from a polysuLfone support membrane, cast from a casting solution of 15 wt% polysulfone in DMF, and a coating solution with 2 wt% PSA (MW IO5 ), 2 ti% sulfuric acid and silver&fate.
In Table II the results are shown of a varying concentration of PSA and sulfuric acid in the coating solution. Essentially the same results were found if the concentration of PSA is varied from 1 to 4 w-t'% and that of sulfuric acid from 1 to 2 wt%. This indicates that the relatively low flux found is not due to a gel layer in front of the membrane for then a decreasing water permeability with increasing PSA concentration is to be expected. A concentration of PSA lower than I wtlo results in an irregular top layer. This causes further lowering of the flux as parts of the membrane where no PSA is present are not rewetted after the heat treatment when the membrane is put into operation at low pressure. A lower flus is also measured, if the concentration of sulfuric acid in the coating solution exceeds the concentration of PSA. The amount of sulfuric acid in the remaining thin layer of PSA after evaporation of water then becomes high and the support membrane is seriously damaged, which results in a low flux (see also Table V) .
When the concentration of PSA exceeds 4 wt%, the crosslinking of PSA becomes ineffective and the top layer is washed off the membrane when it is put into operation and rejection will be low. As the acid content in the top layer is low in this case, the support membrane is less damaged and the flux is high.
We have tried to introduce a higher charge density on the membrane (resulting in a higher salt rejection) by decreasing the polymer coil dimensions. If PSA is dissolved in methanol/water mixtures the decreased dissociation of the polyelectrolyte could result in smaller coil dimensions ( --- Table V. In the experiments shown in Table V polysulfone and PPO ultrafiltration membranes are immersed in water with 0.5 wt% sulfuric acid, dried at 150°C during half an hour and rewetted with methanol before testing. It appears that PPO membranes have a better resistance to sulfuric acid at an elevated temperature. The flux decline (pure water permeability) for polysulfone is larger than for PI?0 membranes. PPO membranes also show higher fluxes when coated with PSA because of its better resistance to sulfuric acid, especially when low molecular weight PSA is used. This is also shown in Table V .
The final example in Table V It is surprising that in the ultrafiltration of cheese whey the higher fluxes are measured when whey protein is positively charged_ One would expect that the attraction between a positively charged protein and a negatively charged membrane would result in a dense gel Iayer which would give a low flux. Apparently this is not the case. Of course, in both cases whether the protein is charged negatively or positively, a gel layer will be formed due to insufficient back diffusion and a charged membrane may influence only the initial stage of gel layer formation_ In this initial stage negatively charged protein in contact with a negatively charged membrane will tend to rearrange in order to minimize electric repulsion, whereas positively charged protein will adhere to the membrane in a disorderly manner. In Fig. 5 this is schematically shown. We think that as a result of this process the gel formation formed by negatively charged protein will block the surface pores of the membrane more efficiently than positively charged protein does and thus causes a lower flux through the charged membrane. 
